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(57) In sensor-less collision detection of a robot, a
conventional method for displaying abnormality of the
robot makes an abnormality display of "collision detect-
ed" when a collision is erroneously detected, and does
not clarify the situations under which the collision has
been erroneously detected. In a method for displaying
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detected and the collision detection is displayed, at least
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understand the situations at occurrence of the erroneous
collision detection.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a method for displaying abnormality of a robot that is driven by motors via
decelerators.

BACKGROUND ART

[0002] With recent global expansion of the robot market, handling a robot in which a failure or an abnormality has
occurred has become an important problem. That is, if display of the abnormality of the robot does not show the actual
state of the failure, a serviceperson needs to go directly to the site where the abnormality has occurred, check the
situations, and thereafter take measures. In this method, it is difficult to promptly solve abnormal states every part of the
world.

[0003] On the other hand, it is also necessary to address collision of a robot with objects therearound that is caused
not by a failure in the robot but by erroneous teaching from the user, for example. If a robot and objects around the robot
are broken by a collision, a serviceperson needs to be dispatched for repair, for example, and a time is taken to return
the robot to the normal state. That is, in order to prevent breakage at collision, accuracy of collision detection needs to
be enhanced. However, a high-accuracy collision sensor installed in a robot is an excessive weight load for the robot,
which increases the cost. Therefore, in recent years, higher-accuracy sensor-less collision detection has been promoted.
[0004] However, the higher-accuracy sensor-less collision detection increases the possibility of erroneously detecting
an abnormal state of a robot as a collision even when no actual collision has occurred. That is, at occurrence of a failure
in a robot, a collision detection function detects abnormality before the other abnormality detection functions do. This
poses a possibility of erroneously displaying "occurrence of collision" even though no collision has occurred. As described
above, the higher-accuracy sensor-less collision detection has an advantage of promptly detecting a failure, but makes
it difficult for the cause of the failure to be identified. The reasons why collision is erroneously detected are described
with reference to Fig. 1 through Fig. 12.

[0005] Fig. 1 is a schematic configuration diagram of a vertical articulated six-shaft robot as a typical example of a
robot. As shown in Fig. 1, the vertical articulated six-shaft robot has robot mechanism (101), robot controller (102), and
operation display unit (103).

[0006] Fig. 2 is a flowchart showing whole processing of an abnormality display. The whole processing of the abnor-
mality display is performed in robot controller (102). Besides collision detection processing, Fig. 2 includes motor lock
detection processing, overload detection processing, and position deviation over detection processing for detecting
abnormality at occurrence of a failure in the robot. The whole processing of the abnormality display shown in Fig. 2 is
repeated every cycle AT. As cycle AT, several milliseconds are assumed.

[0007] With reference to Fig. 2, motor lock detection processing is performed in Step 2-1. In Step 2-6, upon detection
of a motor lock, "motor lock detected" is shown in operation display unit (103) of Fig. 1, as an abnormality display. When
a motor lock is detected, an abnormal state has already occurred and an abnormality display is made. Thus, in Step
2-6, the abnormality display processing is completed. When no motor lock is detected in Step 2-6, processing proceeds
to Step 2-2.

[0008] Next, in Step 2-2, overload detection processing is performed. In Step 2-7, upon detection of an overload,
"overload detected" is shown in operation display unit (103) of Fig. 1, as an abnormality display. When an overload is
detected, an abnormal state has already occurred and an abnormality display is made. Thus, in Step 2-7, the abnormality
display processing is completed. When no overload is detected in Step 2-7, processing proceeds to Step 2-3.

[0009] Next, in Step 2-3, position deviation over detection processing is performed. In Step 2-8, upon detection of a
position deviation over, "position deviation over detected" is displayed in operation display unit (103) of Fig. 1, as an
abnormality display. When a position deviation over is detected, an abnormal state has already occurred and an abnor-
mality display is made. Thus, in Step 2-8, the abnormality display processing is completed. When no position deviation
over is detected in Step 2-8, processing proceeds to Step 2-4.

[0010] Next, in Step 2-4, collision detection processing is performed. The processing will be described below with
reference to Fig. 3.

[0011] Methods for calculating collision force in a sensor-less manner include a dynamic operation method and a
disturbance estimation observer method. In the dynamic operation method, first, decelerator output torque is calculated
by subtracting, from the torque generated by the driving current of the motor, the torque lost by the inertia of a motor
and decelerator and the friction. Next, collision force is calculated by subtracting the dynamic torque of the robot obtained
by the dynamic operation of the robot, from the decelerator output torque (see Non-Patent Literature 1, for example). In
the disturbance estimation observer method, collision force is calculated with a disturbance estimation observer (see
Patent Literature 1, for example). Hereinafter, with reference to Fig. 3, as an example, a description is provided for the
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dynamic operation method, which is excellent in estimation accuracy.

[0012] Fig. 3 is a control block diagram in the dynamic operation method. With reference to Fig. 3, position control
block (6) receives motor position 6m (4), and position command 6com (3) obtained by integrating velocity component
dbcom of position command (1) with integration element 40. Based on the value of difference between position command
6com (3) and motor position 6m (4), velocity loop command wcom (7) is output from position proportional gain (5).
[0013] Withreference to Fig. 3, velocity control block (10) receives velocity loop command wcom (7) and motor position
om (4). The velocity control block obtains the value of difference between velocity loop command wcom (7) and motor
velocity om (2) calculated by differentiating motor position 6m (4) with differentiation element (32). Then, the velocity
control block outputs motor current Im (11) via velocity proportional gain (8) and velocity integration gain (9).

[0014] With reference to Fig. 3, in block showing motor and external force (18), tm (13) is motor generating torque.
Assuming that the decelerator is a rigid body, Tm is expressed by Equation (1) on the motor driving side and expressed
by Equation (2) on the load side.

tm=KtxIm (1)

tm=tdyn+tdis+Jmxom+Dxom+tu  (2)

The marks in Equation (1) and Equation (2) have the following meanings:

Kt (12): Motor torque constant

Im (11): Motor current

am (90): Motor acceleration (differentiation value of ®om)

om (2): Motor velocity

Jm (89): Motor inertia (rotor+primary side of decelerator)

D (20): Viscous friction coefficient

T (15): Dynamic friction torque

tdyn (14): Dynamic torque (sum of gravity torque, inertial force, centrifugal force, and Coriolis force)
tdis (16): Collision torque

[0015] Dynamic friction torque Tt (15) can be calculated by the following Equation (3):

tu=Kuxsgn (3).

[0016] In this Equation, K is a magnitude of dynamic friction, sgn is "1" when ®m>0, "0" when ®m=0, and "-1" when
»m<0.
[0017] Collision torque tdis (16) can be obtained by changing Equation (1) and Equation (2) into the following Equation

(4):

tdis=KtxIm-(Jmxom+Dxom+tu+tdyn) (4)

[0018] In Fig. 3, Equation (4) is expressed as collision torque estimation block (30).

[0019] In collision torque estimation block (30), dynamic torque estimation value tdyno (29) can be obtained by a
dynamic operation performed by dynamic torque operation block (26). Dynamic torque operation block (26) performs
the dynamic operation using motor position 6m (4) of each of all the shafts forming the robot, motor velocity om (2)
obtained by differentiating motor position 6m (4), motor acceleration am (90) obtained by differentiating motor velocity
om (2), and mechanics parameters (arm length, arm mass, gravity position, and inertia around gravity position) of the
robot. Using this dynamic torque estimation value tdyno (29), collision torque estimation block (30) outputs collision
torque estimation value tdiso (28) to collision determination block (31).

[0020] Collision determination block (31) detects a collision, using predetermined collision detection threshold tth, in
accordance with the following Expression (5):

| tdiso|>tth (5)
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[0021] In Step 2-5, the following processing is performed. When Expression (5) holds, "collision detected" is displayed
as an abnormality display in operation display unit (103) of the robot shown in Fig. 1, and the abnormality display
processing is completed. When Expression (5) does not hold, the abnormality display processing is completed without
the abnormality display. The whole processing of the abnormality display is started every cycle AT.

[0022] In the collision detection as described above, accurate calculation of dynamic torque estimation value tdyno
(29) can provide accurate collision torque estimation value tdiso (28).

[0023] The methods for calculating the dynamic torque in dynamic torque operation block (26) include the Lagrangian
method and the Newton-Euler method. In the Lagrangian method, a vertical articulated six-shaft robot requires product-
sum operations at a little less than 100 thousand times. However, the processing capability of a present CPU achieves
this amount of operations within several milliseconds. The Newton-Euler method requires product-sum operations only
at a little less than 10 thousand times, and thus the operation time poses no problem. However, the Newton-Euler method
is a so-called recurrence formula method, in which the result of previous expression is used for the next expression,
and thus a cumulative error in operation can occur. However, when processing is made on data of 32 bit or higher, the
cumulative error in operation poses no problem. Therefore, in each of the methods, the present CPU can calculate
dynamic torque tdyn (14) within a tolerance of a 10% motor maximum torque ratio. When the terms other than dynamic
torque tdyn (14) on the right side of Equation (4) can also be calculated within a tolerance of a 10% motor maximum
torque ratio, collision torque estimation value tdiso (28) can be obtained within a tolerance of a 20% motor maximum
torque ratio.

[0024] The collision detection in accordance with Expression (5) uses an instantaneous value of collision torque
estimation value tdiso (28) obtained by Equation (4). Thus, after a lapse of several milliseconds, i.e. a calculation time,
dynamic torque tdyn (14) can be determined. That is, in the collision detection function, after an abnormality at a motor
maximum torque ratio of approximately 20% is observed only for several milliseconds, a collision can be detected.
[0025] However, if collision detection threshold tth is set low (at a motor maximum torque ratio of approximately 20%),
even an abnormality other than collision is detected immediately. For instance, suppose a failure in a motor (bearing or
brake) or a decelerator increases the actual dynamic friction torque. In this case, if the robot is attempted to operate in
a manner similar to that in the normal state, motor generating torque tm needs to be increased by the increment of
dynamic friction torque .. In order to increase motor generating torque tm, motor current Im on the right side of Equation
(4) is increased. However, dynamic friction torque T on the right side of Equation (4) is calculated, using the values
measured in the normal state, and thus collision torque tdis on the left side of Equation (4) increases although no collision
has occurred. If the magnitude of collision torque tdis becomes greater than a motor maximum torque ratio of 20% only
for several milliseconds, a collision is erroneously detected.

[0026] In the method for calculating collision force in a sensor-less manner, the causes of increases in motor current
Im on the right side of Equation (4) and in collision torque tdis cannot be identified. That is, it cannot be identified whether
the increases are caused by the actual collision of the robot or by the increase in friction torque resulting from a failure
in the motor or the decelerator. Thus, if collision detection threshold tth is set low (i.e. higher collision detection sensitivity)
so that the damage at the collision of the robot is minimized, the probability of erroneous collision detection is increased.
[0027] On the other hand, aside from the collision detection function, a motor lock detection function and an overload
detection function are provided as functions for detecting that rotation of a motor has been slowed by a failure in the
motor (bearing and brake) or the decelerator.

[0028] The motor lock detection function detects the situations where the motor continues to be difficult to move even
when the user attempts to operate the motor. If motor generating torque tm (shown in Equation (1)) is equal to or greater
than predetermined motor torque threshold tmth (91) but the friction torque increased by the failure is large, motor
velocity @m (2) does not exceed predetermined motor velocity threshold omth. When this state continues for predeter-
mined motor lock detection time threshold LKth or longer, the motor lock detection function determines that the state is
abnormal.

[0029] A description is provided for the motor lock detection function with reference to Fig. 5A and Fig. 5B. Fig. 5A is
a graph showing motor velocity ®m (2) and motor generating torque tm (13) in the normal state. After motor generating
torque Tm (13) has exceeded motor torque threshold tmth (91), and time LKO (95), which is shorter than motor lock
detection time threshold LKth, (93) has elapsed, motor velocity om (2) exceeds motor velocity threshold mmth (92). In
this case, a motor lock is not detected.

[0030] Fig. 5B is a graph showing motor velocity em (2) and motor generating torque tm (13) in the abnormal state
where a motor lock that has resulted from an increase in friction torque caused by a failure in a motor or a decelerator
is detected. In Fig. 5B, even after motor generating torque tm (13) has exceeded motor toque threshold tmth (91), the
increase in friction torque caused by the failure in the motor or the decelerator makes the increase in motor velocity om
(2) slower than that in the normal state (shown by the dotted line). Thus, motor velocity om (2) does not reach motor
velocity threshold omth (92) even when motor lock detection time threshold LKth (93) is exceeded. In this case, a motor
lock is detected.

[0031] Fig. 4 is a flowchart for motor lock detection. The motor lock detection processing is performed every constant
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cycle AT.

[0032] In Step 4-1,itis determined whether or not motor generating torque tm is equal to or greater than motor torque
threshold tmth (91). When motor generating torque tm is equal to or greater than motor torque threshold tmth (91), the
determination is "Y" and processing proceeds to Step 4-2.

[0033] InStep4-2,itis determined whether or not motor velocity ®m (2) is equal to or less than motor velocity threshold
omth (92). When motor velocity om (2) is equal to or less than motor velocity threshold omth (92), the determination is
"Y" and processing proceeds to Step 4-3.

[0034] In Step4-3, motorlock duration time LKdet is calculated by Expression (5), and processing proceeds to Step 4-5.

LKdet=LKdet+AT (6).

[0035] Here, AT is a motor lock detection processing cycle.

[0036] Thatis, in Step 4-3, measurement is made by adding the time lengths when "Y" is determined both in Step 4-1
and Step 4-2 every motor lock detection processing cycle AT.

[0037] When the determination in Step 4-1 or Step 4-2 is "N", processing proceeds to Step 4-4 and motor lock duration
time LKdet is reset to 0. Thus, the motor lock detection processing is completed.

[0038] In Step 4-5, it is determined whether or not motor lock duration time LKdet is equal to or greater than motor
lock detection time threshold LKth (93).

LKdet>LKth (7)

[0039] When motor lock duration time LKdet is equal to or greater than motor lock detection time threshold KLth (93),
the determination is "Y", and processing proceeds to Step 4-6. In this case, it is determined that the motor is in a motor
lock state, and the motor is stopped in Step 4-6. Subsequently, in Step 4-7, "motor lock detected" is shown as an
abnormality display, and the motor lock detection processing is completed. The abnormality display is shown in operation
display unit (103) of Fig. 1.

[0040] When the determination in Step 4-5 is "N", it is determined that the motor is not in the motor lock state, and the
motor lock detection processing is completed.

[0041] In this motor lock detection function, time LKO (95) is taken for a motor to reach a motor velocity equal to or
greater than motor velocity threshold omth (92) with a motor torque equal to or greater than motor torque threshold tmth
(91) in the normal state. Thus, motor lock detection time threshold LKth (93) needs to be set longer than time LKO (95)
taken in the normal state. The taken time varies with the size of the robot, and motor lock detection time threshold LKth
(93) ranges from several hundred milliseconds to several seconds, which is longer than the detection performed within
several milliseconds by the collision detection function. That is, if collision detection threshold tth is set low (e.g. higher
collision detection sensitivity), a collision is detected earlier than detection of a motor lock, even though no actual collision
has occurred. Thus, only "collision detected" is shown as an abnormality display. This phenomenon is described with
reference to Fig. 2. While the determination in the motor lock detection in Step 2-6 stays "N", the determination in the
collision detection in Step 2-5 is "Y".

[0042] Next, an overload detection function is described.

[0043] Inthe overload detection function, an overload abnormality is detected so that the time-cumulative value of the
current for driving the motor does not exceed the limit value of the motor time-limit characteristic curve. The motor
generating torque is proportional to the current for driving the motor, and the limit value of the motor time-limit characteristic
curve shows the upper limit of the temperature of the windings of the motor. Fig. 7 is a graph showing the relation
between the motor current for driving the motor and a time. For instance, the limit value (dotted line) of the motor time-
limit curve shown in Fig. 7 is approximately 100 seconds at a maximum current ratio of 40%, 25 seconds at a maximum
current ratio of 50%, and approximately 8 seconds at a maximum current ratio of 70%. Overload detection is made so
that the time-cumulative value is equal to or less than this limit value.

[0044] Fig. 6 is aflowchart for overload detection. Overload detection processing is performed every constant cycle AT.
[0045] In Step 6-1, overload detection value OLdet is obtained by the following Equation (8):

OLdet=OLdet+(|Im | -Imth)xAT (8).

[0046] Here, Imth is an overload detection current threshold and AT is an overload detection cycle.
[0047] Next, in Step 6-2, it is determined whether or not overload detection value OLdet is equal to or greater than
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overload threshold OLth. That s, it is determined whether or not conditions for the following Expression (9) are satisfied.

OLdet>OLth (9)

[0048] When Expression (9) holds, the determination is "Y", that is, the motor is in the overload state, and processing
proceeds to Step 6-3. In Step 6-3, the motor is stopped. Subsequently, in Step 6-4, "overload detected" is shown as an
"abnormality display", and the overload detection processing is completed. The "abnormality display" is shown in operation
display unit (103) of Fig. 1.

[0049] When the determination in Step 6-2 is "N", it is determined that the motor is not in the overload state, and the
overload detection processing is completed.

[0050] In Fig. 8, an overload detection threshold characteristic of OLdet=0OLth in Expression (9) is shown by the solid
line. The overload detection threshold characteristic (solid line) in Fig. 8 shows the case where Imth=33 and OLth=100.
The overload detection threshold characteristic (solid line) is set less than the limit value (dotted line). This shows that
the method for calculating overload detection value OLdet shown in Equation (8) is adequate.

[0051] As shown in Fig. 8, overload detection takes several seconds even when the motor current is at a maximum
current ratio of 100%. The time taken for this overload detection is longer than that of the detection performed within
several milliseconds by the collision detection function. That is, if a failure occurs in a motor or a decelerator from the
state where no overload abnormality occurs, the motor rotates slowly, which increases the motor current (motor generating
torque) ata maximum current ratio of approximately 20%. In this manner, when a failure occurs in a motor or a decelerator,
detection of overload abnormality takes several seconds at minimum. Thus, it is highly possible that a collision is erro-
neously detected before the detection of the overload abnormality. This phenomenon is described with reference to Fig.
2. While the determination in the overload detection in Step 2-7 stays "N", the determination in the collision detection in
Step 2-5is "Y".

[0052] Next, a description is provided for erroneous detection in the collision detection processing shown in Fig. 3.
[0053] That is, also when an abnormality occurs in motor position detector (99) for detecting motor position 6m (4), a
collision can be detected erroneously.

[0054] Dynamictorque operation block (26) uses motor acceleration am (90) generated by differentiating motor position
Om (4) twice. Thus, a change in motor position 8m (4) considerably affects motor acceleration am (90).

[0055] Generally, differentiation in digital control is performed with a difference between the present sample value and
the sample value in the previous cycle. An example is shown below.

[0056] Fig.9is a graph showing motor position waveforms at occurrence of abnormality of the motor position detector.
Fig. 10 is a graph showing velocity waveforms at occurrence of the abnormality of the motor position detector. Fig. 11
is a graph showing acceleration waveforms at occurrence of the abnormality of the motor position detector. These graphs
show the waveforms when the motor reaches the state where motor velocity om (2) is 50 rotations/second (=3000 rpm)
for 0.5 second at an equal acceleration (100 rotations/second?) from the stop state where motor position 8m (4) is at
the zero position. Here, the sample cycle is repeated every five milliseconds, and motor position 6m (4) after 500
milliseconds is where the motor has made approximately 12.5 rotations as shown in Fig. 9. Fig. 9 shows the case where
abnormality of motor position detector (99) at a time point of 300 milliseconds has hindered reading of motor position
Om (4). In this case, motor position 6m (4) in the previous sample value (at a time point of 295 milliseconds) is not updated
and remains.

[0057] When error e6m (86) in motor position 8m (4) at occurrence of the abnormality at a time point of 300 milliseconds
is calculated in reference to the value after 500 milliseconds (12.5 rotations), the error is approximately 4.7% (approxi-
mately 0.15 rotation). When error eom (87) in motor velocity mm (2) is calculated in reference to the value after 500
milliseconds (50 rotations/second) in Fig. 10, the error is approximately 120%. When error eam (88) in motor velocity
am (90) is calculated in reference to the value after 500 milliseconds (100 rotations/second?) in Fig. 11, the error is
approximately -3333%. Therefore, it is highly possible that these errors considerably affect the accuracy of dynamic
torque tdyn (14) to be obtained in dynamic torque operation block (26) and cause erroneous detection of a collision.
[0058] In the method for calculating collision force in a sensor-less manner, the cause of no change in motor position
Om (4) cannot be identified. That is, it is unclear whether an actual collision has stopped the robot or abnormality of
motor position detector (99) has hindered update of motor position 6m (4). Thus, when the collision detection function
is attempted to operate effectively, erroneous collision detection cannot be avoided.

[0059] On the other hand, aside from the collision detection function, a position deviation over detection function is
used as a function of detecting abnormality of motor position detector (99) for detecting motor position 6m (4).

[0060] Next, a description is provided for the position deviation over detection function.

[0061] Fig. 12 is a flowchart for position deviation over detection. Position deviation over detection processing is
performed every constant cycle AT.
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[0062] In Step 12-1, as shown in the following Equation (10), position deviation over detection value 6det is calculated
as the absolute value of the difference between position command 6com (3) and motor position 6m (4):

0det=|06com-6m | (10)

[0063] In Step 12-2, position deviation over detection value 6det is compared with position deviation over detection
threshold 6th, and it is determined whether or not conditions for the following Expression (11) are satisfied.

8det>0th (11)

[0064] When position deviation over detection value 6det is equal to or greater than position deviation over detection
threshold 6th, the determination is "Y", and processing proceeds to Step 2-3. In this case, a position deviation over state
is determined and the motor is stopped in Step 12-3. Subsequently, "position deviation over" is shown as an abnormality
display in Step 12-4, and the position deviation over detection processing is completed. The abnormality display is shown
in operation display unit (103) of Fig.1.

[0065] When the determination in Step 12-2 is "N", no position deviation over state is determined and the position
deviation over detection processing is completed.

[0066] In order to prevent erroneous detection of the position deviation caused by a control delay in this position
deviation over detection, position deviation over detection threshold 6th in Expression (11) is set to approximately several
rotations.

[0067] Forinstance, suppose thatthe position deviation caused by a control delay is one rotation and position deviation
over detection threshold 6th is set to two rotations. In this case, even when the errorin motor position 6m (4) (approximately
0.15 rotation) at occurrence of the abnormality at 300 milliseconds in Fig. 9 is added, position deviation over detection
value 6det is approximately 1.15 rotations. Thus, Expression (11) does not hold, and position deviation over is not
detected. However, this considerably affects the accuracy of dynamic torque tdyn (14) to be calculated in dynamic torque
operation block (26), and thus a collision is detected erroneously. That is, a collision is detected earlier, even though no
actual collision has occurred. Thus, only "collision detected" is shown as an abnormality display. This phenomenon is
described with reference to Fig. 2. While the determination in the position deviation over detection in Step 2-8 stays "N",
the determination in the collision detection in Step 2-5 is "Y".

[0068] Asabnormality display processing at occurrence of collision detection in Step 2-5in Fig. 2, conventional process-
ing of a single abnormality display shown in Fig. 20 is performed.

[0069] As described above, since abnormality detections in Step 2-1 through Step 2-3 take time, collision detection
in Step 2-4 is performed earlier and only "collision detected" is shown as an abnormality display in Step 2-5.

Citation List

Patent Literature

[0070]

PTL1  Japanese Patent No. 3367641
Non-Patent Literature

[0071]

NPL1  Kosuga Kazuhiro et.al., "Dynamic Collision Detection of Manipulator", The Japan Society of Mechanical Engi-
neers [No. 99-9] Lecture theses of Robotics and Mechatronics Lecture Meeting in 1999 2A1-11-030

SUMMARY OF THE INVENTION

[0072] In aconventional method for calculating collision force in a sensor-less manner, it cannot be identified whether
detection of a collision has resulted from an actual collision of a robot or from the other causes. Thus, even when detection
of the collision has resulted from a cause other than an actual collision, only "collision detected" is shown, and it is
unclear that what situations have caused erroneous detection of the collision.
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[0073] The present invention addresses the above problem and provides a method for displaying abnormality of a
robot that can offer information useful for the user to understand the situations when a collision is erroneously detected.
[0074] Inorderto address the above problem, in a method for displaying abnormality of a robot of the present invention,
a plurality of types of abnormality, including at least collision, is detected as corresponding values detected with the
robot in operation, and occurrence of the abnormality is displayed. Further, the method includes a collision detection
step for detecting a collision of the robot. Further, the method includes a collision detection display step for showing the
collision detection as an abnormality display. Further, the method includes an abnormality display step for also showing,
as an abnormality display, occurrence of the abnormality for at least one of a plurality of abnormality detection items
different from the collision detection.

[0075] Preferably, in the method for displaying the abnormality of the robot of the present invention, in addition to the
above, the abnormality display may be selected from the plurality of abnormality detection items and made in the
abnormality display step.

[0076] Preferably, in the method for displaying the abnormality of the robot of the present invention, in addition to the
above, an abnormality determination threshold and a display/non-display determination threshold smaller than the ab-
normality determination threshold are set for each of the plurality of abnormality detection items. Based on the abnormality
determination threshold, the abnormality is determined. Based on the display/non-display determination threshold, it is
determined whether or not occurrence of the abnormality is to be displayed when the collision of the robot is detected
and the collision detection is displayed. Further, for each of the plurality of abnormality detection items whose abnormality
determination value as a value detected with the robot in operation is greater than the display/non-display determination
threshold, occurrence of the abnormality may be shown as the abnormality display.

[0077] Preferably, in the method for displaying the abnormality of the robot of the present invention, in addition to the
above, an abnormality determination threshold and a display/non-display determination threshold smaller than the ab-
normality determination threshold may be set for each of the plurality of abnormality detection items. Based on the
abnormality determination threshold, the abnormality is determined. Based on the display/non-display determination
threshold, it is determined whether or not occurrence of the abnormality is to be displayed when the collision of the robot
is detected and the collision detection is displayed. Further, preferably, priority may be given to the plurality of abnormality
detection items. Further, for each of the items having higher priority in order, it may be determined whether or not an
abnormality determination value as a value detected with the robot in operation is greater than the display/non-display
determination threshold. Further, the abnormality display may be made only for one of the abnormality detection items
whose abnormality determination value is greater than the display/non-display determination threshold. Further, for the
abnormality detection items having priority lower than the abnormality detection item for which the abnormality display
has been made, neither determination of whether or not the abnormality determination value is greater than the dis-
play/non-display determination threshold nor the abnormality display may be made.

[0078] Preferably, in the method for displaying the abnormality of the robot of the present invention, in addition to the
above, the display/non-display determination threshold for each of the abnormality detection items may be determined
based on a predetermined collision detection threshold.

[0079] Preferably, in the method for displaying the abnormality of the robot of the present invention, in addition to the
above, for each of the abnormality detection items, a rate of an abnormality determination value as a value detected
with the robot in operation with respect to an abnormality determination threshold may be obtained. Further, together
with display of collision detection, the abnormality display may be made only for one of the abnormality detection items
whose rate of the abnormality determination value is the highest.

[0080] Preferably,inthe method fordisplayingthe robot of the presentinvention, in addition to the above, an abnormality
determination threshold for determining the abnormality may be set for each of the plurality of abnormality detection
items. Further, for each of the plurality of abnormality detection items, a rate of an abnormality determination value as
a value detected with the robot in operation with respect to the abnormality determination threshold may be obtained.
Further, when the collision of the robot is detected, the rate of the abnormality determination value may be displayed
for each of the abnormality detection items together with display of the collision detection.

[0081] Preferably, in the method for displaying the abnormality of the robot of the present invention, in addition to the
above, an abnormality determination threshold for determining the abnormality may be set for each of the plurality of
abnormality detection items. Further, for each of the plurality of abnormality detection items, a rate of an abnormality
determination value as a value detected with the robotin operation with respect to the abnormality determination threshold
may be obtained. Further, when the collision of the robot is detected, the rate of the abnormality determination value
may be displayed only for each of the abnormality detection items whose abnormality determination value is greater
than a display/non-display determination threshold, together with display of the collision detection.

[0082] Preferably, in the method for displaying the abnormality of the robot of the present invention, in addition to the
above, the plurality of abnormality detection items include at least one of detection of a lock of a motor for driving the
robot, overload detection of the motor, and position deviation detection of the robot.

[0083] As described above, in the method for displaying the abnormality of the robot of the present invention, display
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of the situations of other abnormality detection measures at occurrence of collision detection helps the user understand
the operation situations of the robot when a collision is erroneously detected.

BRIEF DESCRIPTION OF DRAWINGS
[0084]

Fig. 1 is a diagram showing a schematic configuration of a vertical articulated six-shaft robot as a typical example
to which the present invention is applied.

Fig. 2 is a flowchart showing whole processing of an abnormality display in accordance with exemplary embodiments
of the present invention.

Fig. 3 is a control block diagram in a dynamic operation method in accordance with the exemplary embodiments.
Fig. 4 is a flowchart for motor lock detection in accordance with the exemplary embodiments.

Fig. 5A is a graph showing time changes in a motor velocity and motor torque in a normal state.

Fig. 5B is a graph showing time changes in a motor velocity and motor torque when a motor lock is detected.

Fig. 6 is a flowchart showing overload detection in accordance with the exemplary embodiments of the present
invention.

Fig. 7 is a graph showing a motor time-limit characteristic curve (an upper limit of a temperature rise in windings of
the motor).

Fig. 8 is a graph showing overload detection threshold characteristics.

Fig. 9 is a graph showing motor position waveforms at occurrence of abnormality of a motor position detector.

Fig. 10 is a graph showing motor velocity waveforms at occurrence of the abnormality of the motor position detector.
Fig. 11 is a graph showing motor acceleration waveforms at occurrence of the abnormality of the motor position
detector.

Fig. 12 is a flowchart showing position deviation over detection in accordance with the exemplary embodiments of
the present invention.

Fig. 13 is aflowchart showing first processing of a plurality of abnormality displays in accordance with afirstexemplary
embodiment of the present invention.

Fig. 14 is a flowchart showing second processing of a plurality of abnormality displays in accordance with a second
exemplary embodiment of the present invention.

Fig. 15 is a flowchart showing third processing of a plurality of abnormality displays in accordance with a third
exemplary embodiment of the present invention.

Fig. 16 is a flowchart showing fourth processing of a plurality of abnormality displays in accordance with a fourth
exemplary embodiment of the present invention.

Fig. 17 is a flowchart showing fifth processing of a plurality of abnormality displays in accordance with a fifth exemplary
embodiment of the present invention.

Fig. 18 is a flowchart showing sixth processing of a plurality of abnormality displays in accordance with a sixth
exemplary embodiment of the present invention.

Fig. 19 is a flowchart showing seventh processing of a plurality of abnormality displays in accordance with a seventh
exemplary embodiment of the present invention.

Fig. 20 is a flowchart showing conventional processing of a single abnormality display.

DESCRIPTION OF EMBODIMENTS
FIRST EXEMPLARY EMBODIMENT

[0085] Hereinafter, a description is provided for the first exemplary embodiment of the present invention with reference
to the accompanying drawings. Elements similar to those described in the background art have the same reference
marks and the detailed description of these elements is omitted.

[0086] In the first exemplary embodiment, as abnormality display processing at collision detection in Step 2-5 of Fig.
2 described in the background art, first processing of a plurality of abnormality displays shown in the flowchart of Fig.
13 is performed.

[0087] In the first processing of the plurality of abnormality displays shown in Fig. 13, when a collision of a robot is
detected, the collision detection is shown as an abnormality display. Further, in this processing, from a plurality of
abnormality detection items different from collision detection, at least one abnormality display is selected (in Step 13-3
through Step 13-8).

[0088] Further, in each of the plurality of abnormality detection steps (Step 13-3, Step 13-5, and Step 13-7) different
from collision detection, a display/non-display determination threshold smaller than an abnormality determination thresh-
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old is set.

[0089] Among the plurality of abnormality detection items, for the item whose abnormality determination value (motor
lock detection value LKdet, overload detection value OLdet, or position deviation over detection value 6det) as the
corresponding value detected with the robot in operation (e.g. motor generating torque tm, motor velocity ®m, motor
current Im, and motor position 6m) is greater than the display/non-display determination threshold, occurrence of ab-
normality is shown as an abnormality display (in Step13-4, Step 13-6, and Step 13-8).

[0090] In Fig. 13, in Step 13-1, it is determined whether or not a collision of a robot is detected. When the collision of
the robot is detected in Step 13-1, the determination is "Y" and processing proceeds to Step 13-2. In Step 13-2, an
abnormality display of "collision detected" is made and processing proceeds to Step 13-3. When the collision of the robot
is not detected in Step 13-1, the determination is "N" and thereafter no processing is performed. Thus, the first processing
of the plurality of abnormality displays is completed.

[0091] InStep 13-3,itis determined whether or not motor lock detection value LKdet is greater than motor lock detection
display/non-display determination threshold LKthd. When motor lock detection value LKdet is greater than motor lock
detection display/non-display determination threshold LKthd in Step 13-3, the determination is "Y" and processing pro-
ceeds to Step 13-4. When motor lock detection value LKdet is not greater than motor lock detection display/non-display
determination threshold LKthd in Step 13-3, the determination is "N" and processing proceeds to Step 13-5.

[0092] Here, motor lock detection display/non-display determination threshold LKthd is set smaller than motor lock
detection time threshold LKth as shown in the following Expression (12):

0<LKthd<LKth (12)

[0093] In Step 13-4, "motor lock detected" is added as an abnormality display and displayed, and processing proceeds
to Step 13-5.

[0094] In Step 13-5, itis determined whether or not overload detection value OLdet is greater than overload detection
display/non-display determination threshold OLthd. When overload detection value OLdet is greater than overload de-
tection display/non-display determination threshold OLthd in Step 13-5, the determination is "Y" and processing proceeds
to Step 13-6. When overload detection value OLdet is not greater than overload detection display/non-display determi-
nation threshold OLthd in Step 13-5, the determination is "N" and processing proceeds to Step 13-7.

[0095] Here, overload detection display/non-display determination threshold OLthd is set smaller than overload thresh-
old OLth as shown in the following Expression (13):

0<OLthd<OLth (13)

[0096] In Step 13-6, "overload detected" is added as an abnormality display and displayed, and processing proceeds
to Step 13-7.

[0097] In Step 13-7,itis determined whether or not position deviation over detection value 6det is greater than position
deviation over detection display/non-display determination threshold 6thd. When position deviation over detection value
Odet is greater than position deviation over detection display/non-display determination threshold 6thd in Step 13-7, the
determination is "Y" and processing proceeds to Step 13-8. When position deviation over detection value 6det is not
greater than position deviation over detection display/non-display determination threshold 6thd in Step 13-7, the deter-
mination is "N" and the first processing of the plurality of abnormality displays is completed.

[0098] Here, position deviation over detection display/non-display determination threshold 6thd is set smaller than
position deviation over detection threshold 6th as shown in the following Expression (14):

0<6thd<6th (14)

[0099] In Step 13-8, "position deviation over detected" is added as an abnormality display and displayed, and the first
processing of the plurality of abnormality displays is completed.

[0100] In this manner, at occurrence of collision detection, a plurality of abnormality displays different from collision
detection is made. This can offerinformation useful for the user to understand the situations when a collision is erroneously
detected.

[0101] For instance, suppose that even though a robot has not actually collided, the robot is stopped by abnormality
and the abnormality displays at that time include "motor lock detected" in addition to "collision detected". This case is
predicted to be a phenomenon that the motor hardly operates due to abnormality of the motor brake or the decelerator.
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When "overload detected" is displayed in addition to "collision detected", it is predicted that abnormality of the motor
bearing or the decelerator has caused the motor to operate with a large friction. When "position deviation over detected"
is displayed in addition to "collision detected", it is predicted that abnormality has occurred in the motor position detector.

SECOND EXEMPLARY EMBODIMENT

[0102] In the second exemplary embodiment, as abnormality display processing at collision detection in Step 2-5 of
Fig. 2, second processing of a plurality of abnormality displays shown in the flowchart of Fig. 14 is performed.

[0103] Inthe second processing of the plurality of abnormality displays shown in Fig. 14, priority is given to the plurality
of abnormality detection items. In order from the item whose priority is the highest, the following determination is made.
That is whether or not the abnormality determination value (motor lock detection value LKdet, overload detection value
OLdet, or position deviation over detection value 6det) as the corresponding value detected with the robot in operation
(e.g. motor torque Tm, motor velocity m, motor current Im, and motor position 6m) is greater than a display/non-display
determination threshold. Only for the abnormality detection item whose abnormality determination value is greater than
the display/non-display determination threshold, an abnormality display is made. For the abnormality detection items
whose priority is lower than the abnormality detection item for which an abnormality display has been made, neither
determination of whether or not the abnormality determination value is greater than the display/non-display determination
threshold nor the abnormality display is made. (Processing proceeds to one of Step14-3, Step 14-5, and Step 14-7 so
that the processing is completed).

[0104] In Fig. 14, the plurality of abnormality detection items has higher priority from "motor lock detection", "overload
detection", and "position deviation over detection" in this order.

[0105] In Fig. 14, in Step 14-1, it is determined whether or not a collision of a robot is detected. When the collision of
the robot is detected in Step 14-1, the determination is "Y" and processing proceeds to Step 14-2. When the collision
of the robot is not detected in Step 14-1, the determination is "N" and thereafter no processing is performed. Thus, the
second processing of the plurality of abnormality displays is completed.

[0106] In Step 14-2, the determination is made on motor lock detection, which has the highest priority. It is determined
whether or not motor lock detection value LKdet is greater than motor lock detection display/non-display determination
threshold LKthd. When motor lock detection value LKdet is greater than motor lock detection display/non-display deter-
mination threshold LKthd in Step 14-2, the determination is "Y" and processing proceeds to Step 14-3. When motor lock
detection value LKdet is not greater than motor lock detection display/non-display determination threshold LKthd in Step
14-2, the determination is "N" and processing proceeds to Step 14-4.

[0107] In Step 14-3, "collision detected" and "motor lock detected" are shown as abnormality displays and the second
processing of the plurality of abnormality displays is completed.

[0108] In Step 14-4, the determination is made on overload detection, which has the second highest priority. It is
determined whether or not overload detection value OLdet is greater than overload detection display/non-display deter-
mination threshold OLthd. When overload detection value OLdet is greater than overload detection display/non-display
determination threshold OLthd in Step 14-4, the determination is "Y" and processing proceeds to Step 14-5. When
overload detection value OLdet is not greater than overload detection display/non-display determination threshold OLthd
in Step 14-4, the determination is "N" and processing proceeds to Step 14-6.

[0109] In Step 14-5, "collision detected" and "overload detected" are shown as abnormality displays and the second
processing of the plurality of abnormality displays is completed.

[0110] In Step 14-6, the determination is made on position deviation over detection, which has the lowest priority. It
is determined whether or not position deviation over detection value 6det is greater than position deviation over detection
display/non-display determination threshold 6thd. When position deviation over detection value 6det is greater than
position deviation over detection display/non-display determination threshold 6thd in Step 14-6, the determination is "Y"
and processing proceeds to Step 14-7. When position deviation over detection value 6det is not greater than position
deviation over detection display/non-display determination threshold 6thd in Step 14-6, the determination is "N" and
processing proceeds to Step 14-8.

[0111] In Step 14-7, "collision detected" and "position deviation over detected" are shown as abnormality displays and
the second processing of the plurality of abnormality displays is completed.

[0112] In Step 14-8, only "collision detected" is shown as an abnormality display and the second processing of the
plurality of abnormality displays is completed.

THIRD EXEMPLARY EMBODIMENT
[0113] In the third exemplary embodiment, as abnormality display processing at collision detection in Step 2-5 of Fig.

2, third processing of a plurality of abnormality displays shown in the flowchart of Fig. 15 is performed.
[0114] In the third processing of the plurality of abnormality displays shown in Fig. 15, the following processing is
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added to the first processing of the plurality of abnormality displays of Fig. 13 in the first exemplary embodiment. That
is, based on a collision detection threshold for each of the predetermined abnormality detection items, a display/non-
display determination threshold for each abnormality detection item is determined.

[0115] In Fig. 15, in Step 15-1, it is determined whether or not a collision of a robot is detected. When the collision of
the robot is detected in Step 15-1, the determination is "Y" and processing proceeds to Step 15-2, where an abnormality
display of "collision detected" is made. Further, processing proceeds to Step 15-A. When the collision of the robot is not
detected in Step 15-1, the determination is "N" and thereafter no processing is performed. Thus, the third processing of
the plurality of abnormality displays is completed.

[0116] Step 15-A is processing added in order to determine a display/non-display determination threshold for each
abnormality detection item based on the predetermined collision detection threshold. In Step 15-A, based on collision
detection threshold tth, motor lock detection display/non-display determination threshold LKthd, overload detection
display/non-display determination threshold OLthd, and position deviation over detection display/non-display determi-
nation threshold 6thd are calculated, as shown in the following Equations (15-1) through (15-3):

LKthd=kthAlxtth+kthB1 (15-1)

OLthd=kthA2xtth+kthB2 (15-2),

and

0thd =kthA3xtth+kthB3 (15-3).

[0117] Inthe Equations, each of kthA1, kthA2, and kthA3 is a proportionality coefficient of collision detection threshold
(tth), and each of kthB1, kthB2, and kthB3 is a summing coefficient.

[0118] Each abnormality detection display/non-display determination threshold is obtained based on collision detection
threshold tth as described above for the following reason. That is, higher collision detection threshold tth (i.e. lower
collision detection sensitivity) lowers the possibility of erroneous detection of a collision. If a collision is not erroneously
detected, display of the other types of abnormality can complicate the judgment of the situations at occurrence of collision
detection. Thus, as collision detection threshold tth is increased, the abnormality detection display/non-display deter-
mination threshold is increased. This prevents display of a plurality of types of abnormality.

[0119] Motor lock detection display/non-display determination threshold LKthd, overload detection display/non-display
determination threshold OLthd, and position deviation over detection display/non-display determination threshold 6thd
calculated in Step 15-A are used for the determination in Step 15-3, Step 15-5, and Step 15-7.

[0120] The processing in Step 15-3 and thereafter is the same as the processing in Step 13-3 and thereafter of Fig.
13 in the first exemplary embodiment.

FOURTH EXEMPLARY EMBODIMENT

[0121] In the fourth exemplary embodiment, as abnormality display processing at collision detection in Step 2-5 of
Fig. 2, fourth processing of a plurality of abnormality displays shown in the flowchart of Fig. 16 is performed.

[0122] In the fourth processing of the plurality of abnormality displays shown in Fig. 16, the following processing (Step
16-A) is added to the second processing of the plurality of abnormality displays of Fig. 14 in the second exemplary
embodiment. That is, based on a predetermined collision detection threshold, a display/non-display determination thresh-
old for each abnormality detection item is determined.

[0123] The processing in Step 16-A is the same as the processing in Step 15-A of Fig. 15 in the third exemplary
embodiment. The processing in Step 16-3 and thereafter is the same as the processing in Step 14-3 and thereafter of
Fig. 14 in the second exemplary embodiment.

FIFTH EXEMPLARY EMBODIMENT
[0124] In the fifth exemplary embodiment, as abnormality display processing at collision detection in Step 2-5 of Fig.
2, fifth processing of a plurality of abnormality displays shown in the flowchart of Fig. 17 is performed.

[0125] In the fifth processing of the plurality of abnormality displays of Fig. 17, for each abnormality detection item,
the following rate is obtained. That is the rate of an abnormality determination value (motor lock detection value LKdet,
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overload detection value OLdet, or position deviation over detection value 6det) as the corresponding value detected
with the robot in operation (e.g. motor torque tm, motor velocity om, motor current Im, and motor position 6m) with
respect to the corresponding abnormality determination threshold. Further, together with collision detection, an abnor-
mality display is made only for the abnormality detection item whose rate of the abnormality determination value is the
highest.

[0126] In Fig. 17, in Step 17-1, it is determined whether or not a collision of a robot is detected. When the collision of
the robot is detected in Step 17-1, the determination is "Y" and processing proceeds to Step 17-2. When the collision
of the robot is not detected in Step 17-1, the determination is "N" and the fifth processing of the plurality of abnormality
displays is completed.

[0127] In Step 17-2, the rate of each abnormality determination value with respect to the corresponding abnormality
determination threshold is calculated. In Step 17-2, rate of motor lock detection abnormality determination value LKrat,
rate of overload detection abnormality determination value OLrat, and rate of position deviation over detection abnormality
determination value 6rat are calculated by the following Equations (16-1) through (16-3):

LKrat=LKdet=LKth (16-1)

OLrat=OLdet=OLth (16-2),

and

Orat=0det=06th (16-3).

[0128] In the Equations, LKdet is a motor lock detection value, and LKth is a motor lock detection time threshold.
OLdet is an overload detection value, and OLth is an overload detection threshold. 6det is a position deviation over
detection value and 6th is a position deviation over detection threshold.

[0129] In Step 17-3, itis determined whether or not rate of motor lock detection abnormality determination value LKrat
is the highest of the rates of abnormality determination values obtained in Step 17-2. When rate of motor lock detection
abnormality determination value LKrat is the highest in Step 17-3, the determination is "Y" and processing proceeds to
Step 17-4. When rate of motor lock detection abnormality determination value LKrat is not the highest in Step 17-3, the
determination is "N" and processing proceeds to Step 17-5.

[0130] In Step 17-4, "collision detected" and "motor lock detected" are shown as abnormality displays. Thus, the fifth
processing of the plurality of abnormality displays is completed.

[0131] In Step 17-5, it is determined whether or not rate of overload detection abnormality determination value OLrat
is the highest of the rates of abnormality determination values obtained in Step 17-2. When rate of overload detection
abnormality determination value OLrat is the highest in Step 17-5, the determination is "Y" and processing proceeds to
Step 17-6. When rate of overload detection abnormality determination value OLrat is not the highest in Step 17-5, the
determination is "N" and processing proceeds to Step 17-7.

[0132] In Step 17-6, "collision detected" and "overload detected" are shown as abnormality displays. Thus, the fifth
processing of the plurality of abnormality displays is completed.

[0133] In Step 17-7, "collision detected" and "position deviation over detected" are shown as abnormality displays.
Thus, the fifth processing of the plurality of abnormality displays is completed.

[0134] Only the item whose rate of the abnormality determination value is the highest is displayed for the following
reason. When no actual collision is detected, the abnormality whose rate of the abnormality determination value is the
highest occurs with the highest possibility.

SIXTH EXEMPLARY EMBODIMENT

[0135] In the sixth exemplary embodiment, as abnormality display processing at collision detection in Step 2-5 of Fig.
2, sixth processing of a plurality of abnormality displays shown in the flowchart of Fig. 18 is performed.

[0136] In Fig. 18, in Step 18-1, it is determined whether or not a collision of a robot is detected. When the collision of
the robot is detected in Step 18-1, the determination is "Y" and processing proceeds to Step 18-2, where an abnormality
display of "collision detected" is made. Further, processing proceeds to Step 18-3. When the collision of the robot is not
detected in Step 18-1, the determination is "N" and thereafter no processing is performed. Thus, the sixth processing
of the plurality of abnormality displays is completed.
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[0137] In Step 18-3, the rate of each abnormality determination value with respect to the corresponding abnormality
determination threshold is calculated. Rate of motor lock detection abnormality determination value LKrat, rate of overload
detection abnormality determination value OLrat, and rate of position deviation over detection abnormality determination
value Orat are calculated by Equations (16-1) through (16-3), which have been described in the fifth exemplary embod-
iment. Thereafter, processing proceeds to Step 18-4.

[0138] In Step 18-4, as abnormality displays, "motor lock detection rate LKrat", "overload detection rate OLrat", and
"position deviation over detection rate Orat" are added. Thus, the sixth processing of the plurality of abnormality displays
is completed. As each rate of the abnormality determination value, an actually calculated numerical value is displayed.
[0139] At occurrence of collision detection, the other rates of the abnormality determination values are displayed.
Thereby, if no collision is detected, the user can be informed about abnormality detection items with degrees of possibility
that abnormality occurs.

SEVENTH EXEMPLARY EMBODIMENT

[0140] In the seventh exemplary embodiment, as abnormality display processing at collision detection in Step 2-5 of
Fig. 2, seventh processing of a plurality of abnormality displays shown in the flowchart of Fig. 19 is performed.

[0141] In the seventh processing of the plurality of abnormality displays shown in Fig. 19, the following processing is
added to the first processing of the plurality of abnormality displays of Fig. 13 in the first exemplary embodiment. That
is, for each abnormality detection item, the rate of an abnormality determination value with respect to the corresponding
abnormality determination threshold is obtained. In the first exemplary embodiment, when a collision of a robot is detected,
each abnormality detection item is displayed together with display of collision detection. In this exemplary embodiment,
the processing of displaying each abnormality detection item is replaced with the processing of displaying the rate of an
abnormality determination value with respect to the corresponding abnormality determination threshold for each abnor-
mality detection item.

[0142] In Fig. 19, in Step 19-1, it is determined whether or not a collision of the robot is detected. When the collision
of the robot is detected in Step 19-1, the determination is "Y" and processing proceeds to Step 19-2, where an abnormality
display of "collision detected" is made. Further, processing proceeds to Step 19-A. When the collision of the robot is not
detected in Step 19-1, the determination is "N" and thereafter no processing is performed. Thus, the sixth processing
of the plurality of abnormality displays is completed.

[0143] In Step 19-A, the rate of each abnormality determination value with respect to the corresponding abnormality
determination threshold is calculated. Rate of motor lock detection abnormality determination value LKrat, rate of overload
detection abnormality determination value OLrat, and rate of position deviation over detection abnormality determination
value Orat are calculated by Equations (16-1) through (16-3), which have already been described in the fifth exemplary
embodiment.

[0144] InStep 19-3,itis determined whether or not motor lock detection value LKdet is greater than motor lock detection
display/non-display determination threshold LKthd. When motor lock detection value LKdet is greater than motor lock
detection display/non-display determination threshold LKthd in Step 19-3, the determination is "Y" and processing pro-
ceeds to Step 19-4. When motor lock detection value LKdet is not greater than motor lock detection display/non-display
determination threshold LKthd in Step 19-3, the determination is "N" and processing proceeds to Step 19-5.

[0145] In Step 19-4, "motorlock detection rate LKrat" is added as an abnormality display and displayed, and processing
proceeds to Step 19-5. As motor lock detection rate LKrat, an actually calculated numerical value is displayed.

[0146] In Step 19-5, itis determined whether or not overload detection value OLdet is greater than overload detection
display/non-display determination threshold OLthd. When overload detection value OLdet is greater than overload de-
tection display/non-display determination threshold OLthd in Step 19-5, the determination is "Y" and processing proceeds
to Step 19-6. When overload detection value OLdet is not greater than overload detection display/non-display determi-
nation threshold OLthd in Step 19-5, the determination is "N" and processing proceeds to Step 19-7.

[0147] In Step 19-6, "overload detection rate OLrat" is added as an abnormality display and displayed, and processing
proceeds to Step 19-7. As overload detection rate OLrat, an actually calculated numerical value is displayed.

[0148] In Step 19-7,itis determined whether or not position deviation over detection value 6det is greater than position
deviation over detection display/non-display determination threshold 6thd. When position deviation over detection value
Odet is greater than position deviation over detection display/non-display determination threshold 6thd in Step 19-7, the
determination is "Y" and processing proceeds to Step 19-8. When position deviation over detection value 6det is not
greater than position deviation over detection display/non-display determination threshold 6thd in Step 19-7, the deter-
mination is "N" and the first processing of the plurality of abnormality displays is completed.

[0149] In Step 19-8, "position deviation over detection rate 6rat" is added as an abnormality display and displayed,
and the sixth processing of the plurality of abnormality displays is completed. As position deviation over detection rate
Orat, an actually calculated numerical value is displayed.

[0150] At occurrence of collision detection, the rate of the abnormality determination value only for an abnormality
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whose detection value is greater than the detection display/non-display determination threshold is displayed. Thereby,
if no collision is detected, a narrowed-down list of abnormality detection items can be displayed with degrees of possibility
that abnormality occurs.

INDUSTRIAL APPLICABILITY

[0151] In a method for displaying abnormality of a robot of the present invention, when a collision of the robot is
detected and collision detection is shown as an abnormality display, at least one abnormality display is selected from a
plurality of abnormality detection items different from the collision detection. This processing can offer information useful
for the user to understand the situations at occurrence of erroneous detection of a collision. Thus, the present invention
is industrially useful.

REFERENCE MARKS IN THE DRAWINGS

[0152]

1 Velocity component of position command d6com
2 Motor velocity om

3 Position command 6com

4 Motor position 6m

5 Position proportional gain KPP

6 Position control block

7 Velocity loop command ocom

8 Velocity proportional gain KP

9 Velocity integration gain Kl/s

10  Velocity control block

11 Motor current Im

12  Motor torque constant Kt

13  Motor generating torque Tm

14  Dynamic torque (sum of gravity torque, inertial force, centrifugal force, and Coriolis force) tdyn
15  Dynamic friction torque t

16  Collision torque tdis

17  Motor transmission coefficient block

18  Block showing motor and external force

19  Motor torque constant Kt

20  Viscous friction coefficient D

21 Motor rotation direction determination block
22 Motor direction signal sgn

23 Dynamic friction coefficient K.

24 Dynamic friction torque estimation value tpno
25  Motor position of another shaft

26  Dynamic torque operation block

27  Dynamic torque estimation value of another shaft
28  Collision torque estimation value tdiso

29  Dynamic torque estimation value tdyno

30 Collision torque estimation block

31  Collision determination block

32  Differentiation element

40 Integration element

86  Error in motor position e6m

87  Error in motor velocity eom

88  Error in motor acceleration eam

89  Motor inertia Jm

90 Motor acceleration am

91 Motor torque threshold tmth

92  Motor velocity threshold emth

93  Motor lock detection time threshold LKth

95  Normal time taken to reach motor velocity LKO
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Motor position detector

Claims

A method for displaying abnormality of a robot, in which a plurality of types of abnormality, including at least collision,
is detected as values detected from the robot in operation, and occurrence of the abnormality is displayed,
the method comprising:

a collision detection step for detecting a collision of the robot;

a collision detection display step for showing the collision detection as an abnormality display; and

an abnormality display step for also showing, as an abnormality display, occurrence of the abnormality for at
least one of a plurality of abnormality detection items different from the collision detection.

The method for displaying the abnormality of the robot of claim 1, wherein the abnormality display is selected from
the plurality of abnormality detection items in the abnormality display step.

The method for displaying the abnormality of the robot of claim 2, wherein

an abnormality determination threshold to be used for determining an abnormality and a display/non-display deter-
mination threshold smaller than the abnormality determination threshold are set for each of the plurality of abnormality
detection items, the display/non-display determination threshold being used for determining a display of occurrence
of an abnormality together with a display of detection of a collision when a collision of the robot is detected, and
for each of the plurality of abnormality detection items whose abnormality determination value as a value detected
from the robot in operation is greater than the display/non-display determination threshold, occurrence of the ab-
normality is shown as the abnormality display.

The method for displaying the abnormality of the robot of claim 2, wherein

an abnormality determination threshold to be used for determining an abnormality and a display/non-display deter-
mination threshold smaller than the abnormality determination threshold are set for each of the plurality of abnormality
detection items, the display/non-display determination threshold being used for determining a display of occurrence
of an abnormality together with a display of detection of a collision when a collision of the robot is detected,
priority is given to the plurality of abnormality detection items,

for each of the items having higher priority in order, it is determined whether or not an abnormality determination
value as a value detected from the robot in operation is greater than the display/non-display determination threshold,
the abnormality display is made for one of the abnormality detection items whose abnormality determination value
is greater than the display/non-display determination threshold, and

for any of the abnormality detection items having priority lower than the abnormality detection item for which the
abnormality display has been made, neither determination of whether or not the abnormality determination value is
greater than the display/non-display determination threshold nor the abnormality display is made.

The method for displaying the abnormality of the robot of claim 3 or 4, wherein the display/non-display determination
threshold for each of the abnormality detection items is determined based on a predetermined collision detection
threshold.

The method for displaying the abnormality of the robot of claim 2, wherein

for each of the plurality of abnormality detection items, a rate of an abnormality determination value as a value
detected from the robot in operation with respect to an abnormality determination threshold is obtained, and
together with collision detection, the abnormality display is made for one of the abnormality detection items whose
rate of the abnormality determination value is highest.

The method for displaying the abnormality of the robot of claim 1, wherein

an abnormality determination threshold for determining the abnormality is set for each of the plurality of abnormality
detection items,

for each of the plurality of abnormality detection items, a rate of an abnormality determination value as a value
detected from the robot in operation with respect to the abnormality determination threshold is obtained, and
when the collision of the robot is detected, the rate of the abnormality determination value is displayed for each of
the plurality of abnormality detection items together with display of the collision detection.
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The method for displaying the abnormality of the robot of claim 1, wherein

an abnormality determination threshold for determining the abnormality is set for each of the plurality of abnormality
detection items,

for each of the plurality of abnormality detection items, a rate of an abnormality determination value as a value
detected from with the robot in operation with respect to the abnormality determination threshold is obtained, and
when the collision of the robot is detected, the rate of the abnormality determination value is displayed for each of
the abnormality detection items whose abnormality determination value is greater than a display/non-display deter-
mination threshold, together with display of the collision detection.

The method for displaying the abnormality of the robot of any one of claims 1 through 8, wherein the plurality of

abnormality detection items includes at least one of detection of a lock of a motor for driving the robot, overload
detection of the motor, and position deviation detection of the robot.
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FIG. 4
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FIG. 5A
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FIG. 6
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FIG. 10
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